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Collaborative Design Activity:
The Inclusion of Human Affect Processes in Design
Theory About Collaboration in Design.

This paper reports the findings of research aimed at identifying appropriate ways
forward in building design theory about collaborative design activities that take into
account new research findings from cognitive neuro-science about the roles of
affect, emotion and feeling in human interactions and perceptions.

Terence Love
Curtin University

Human affective processes are essential to many aspects of collaborative designing.
These include: individual design cognition; communication between collaborators
and stakeholders; individual understanding, valuing and judging of elements of
design problems and solutions; optimisation processes; individual and group closure
processes; power-based/ hegemonic manipulations; and negotiations about
elements of design problem, design solution and design processes.
The paper focuses on neuro-physiological research into affective foundations of
human activities such as intuition, creative thought, imagination, empathy, person-toperson communication, information transfer and knowledge building, decisionmaking, perception, behaviour response and cognition. Each of these is significant in
collaborative designing. Earlier research by the author drew attention to the
importance of human physiologically based somato-sensory affects/feelings in
individuals’ design activities. This paper extends the earlier research into theory
making into the area of collaborative design. The paper is grounded in prior
epistemological research focused on the development of epistemologically and
terminologically coherent foundations for research and theory making about
designing and designs.
This analyses presented in this paper are important to building design theory relating
to collaborative design because including the findings of researcher into the neurophysiological basis of human activity addresses a serious weakness in design
theories relating to collaboration. The literature of design research on collaborative
designing indicates a relative neglect of the roles of affects, feelings and emotions.
Instead, it has emphasised rationally based models of cognition, and, where
included, the roles of affect have typically been addressed by superficial
approaches to emotional interactions that focus on gross primary emotional
categories, such as happiness and sadness and on epistemologically problematic
attempts to build theories about internal human processes via properties of
designed objects.
The paper has five sections. The first section provides an executive summary of the
research. The second section sets out the conceptual background in terms of design
theory. The third section outlines contemporary models of neuro-physiological
processes in human interaction. Section four describes the outcomes of this
research project relating to theories of collaborative design that are grounded in
knowledge about human neuro-physiological processes. The fifth section
summarises the analyses and findings of the paper and make suggestions about
future research directions in this area.
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Abstract
This paper reports the findings of research aimed at identifying appropriate ways
forward in building design theory about collaborative design activities that take into
account new research findings from cognitive neuro-science about the roles of affect,
emotion and feeling in human interactions and perceptions.
Human affective processes are essential to many aspects of collaborative designing.
These include: individual design cognition; communication between collaborators and
stakeholders; individual understanding, valuing and judging of elements of design
problems and solutions; optimisation processes; individual and group closure
processes; power-based/ hegemonic manipulations; and negotiations about elements
of design problem, design solution and design processes.
The paper focuses on neuro-physiological research into affective foundations of
human activities such as intuition, creative thought, imagination, empathy, person-toperson communication, information transfer and knowledge building, decisionmaking, perception, behaviour response and cognition. Each of these is significant in
collaborative designing. Earlier research by the author drew attention to the
importance of human physiologically based somato-sensory affects/feelings in
individuals’ design activities. This paper extends the earlier research into theory
making into the area of collaborative design. The paper is grounded in prior
epistemological research focused on the development of epistemologically and
terminologically coherent foundations for research and theory making about
designing and designs.
This analyses presented in this paper are important to building design theory relating
to collaborative design because including the findings of researcher into the neurophysiological basis of human activity addresses a serious weakness in design theories
relating to collaboration. The literature of design research on collaborative designing
indicates a relative neglect of the roles of affects, feelings and emotions. Instead, it
has emphasised rationally based models of cognition, and, where included, the roles
of affect have typically been addressed by superficial approaches to emotional
interactions that focus on gross primary emotional categories, such as happiness and
sadness and on epistemologically problematic attempts to build theories about internal
human processes via properties of designed objects.
The paper has five sections. The first section provides an executive summary of the
research. The second section sets out the conceptual background in terms of design
theory. The third section outlines contemporary models of neuro-physiological
processes in human interaction. Section four describes the outcomes of this research
project relating to theories of collaborative design that are grounded in knowledge
about human neuro-physiological processes. The fifth section summarises the
analyses and findings of the paper and make suggestions about future research
directions in this area.

(Abstract 401 words)

Introduction
Efficiency and effectiveness of collaborative design are problematic in spite of the
potential for improved designed outcomes (see, for example, Baird, Moore, &
Jagodzinski, 2000; Sohal & Schroder, 1997).
This paper focuses on human feelings and emotions in collaborative design teams
because they are central to human cognitive and communication activities involving
values, judgment, perceptions and behaviour (see, for example, Bastick, 2003, 1982;
Damasio, 1994; Fleckenstein, 1992; Ortony, Clore, & Collins, 1988; Rosen, 1980).
Recent research shows cognition and communication are better understood in terms of
whole body physiological (Damasio, 1999, 1994). This goes beyond approaches to
collaborative design that focus on information flows, the ‘content’ of ‘thoughts’, and
the properties of objects and systems.
The paper relates the findings and analyses of Bastick (2003; 1982) and Damasio
(1999; 1994) on internal human processes to collaborative design. This contrasts with
the literature in design research that explains designing in terms of psychological,
behavioural, informatic and non-physiological emotion theories.

Design Theory Issues
Improving collaborative design is hampered by the widespread conceptual confusion
in the design research literature (see, for example, Hubka & Eder, 1996; O’Doherty,
1964; Reich, 1994; Ullman, 1992).This paper is grounded in the epistemologically
coherent foundation for design theory and research developed by Love (2003a; 2002a;
2002b; 2001; 2000a) that:
• Includes qualitative and quantitative human and technical factors
• Offers conceptual and terminological integration with contiguous disciplines
• Supports the inclusion of findings from neurological research
To date, human affective processes have been mainly included in design theories by
being subsumed within Cognitive Science models of design cognition ( see, for
example, Franklin, 1999; ISRE, 2001; Ortony et al., 1988; Picard, 1997; Susac, 1998);
or nebulously connected to theories about the way designers and users experience
designed outcomes (e.g. Design and Emotion Society, 2003; Hummels,
Djajadiningrat, & Overbeeke, 2001) typically included via loosely-conceived and
relatively superficial conceptualisations of emotions that are reflected in the
conceptual gap between the common and technical uses of the term ‘emotion’. In
addition, it has been almost widely and problematically assumed that feelings and
emotions are identical (Susac, 1998). The above superficial emotionalist approaches
to affect are problematic: practically, epistemologically and theoretically (Damasio,
1999, 1994). In theory terms, it is like trying to understand how an engine works by
focusing on the colour of the car and avoiding engineering theory.

Neuro-physiological processes in human interactions
For brevity, this paper focuses on the findings of Bastick (2003; 1982) and Damasio
(1999; 1994).
Bastick (2003; 1982) focused on the physiological roles of feelings in conscious and
subconscious cognition, motivation, intuition and action, inferred mainly from
observations of behaviour. His model has feelings and thoughts interdependently
mapped onto each other. Thoughts result in feelings, and feelings cue, or predispose,

an individual to particular thoughts. In design, problems map into physical feeling
states that cue thoughts in the areas of solution. When physiological feeling sets of
problem and solution match they cancel and result in the 'Aha!' of relaxation and
closure.
Damasio (1999; 1994) proposed a more complex physiological model based
neurological research and evolution-based functionality. For a review of Damasio’s
work in terms of design theory see Love (2003b). Like Bastick, Damasio concluded
affective processes are essential precursors to rational thought, judgment and social
behaviour.
On biological grounds, Damasio distinguished between:
• An emotion - the myriad of small changes to an individual’s physiology (e.g.
blood pressure, muscle tone, facial appearance) triggered by perception of an
object and typically executed unconsciously. Emotions are not specifically
human phenomena: many animals exhibit emotion responses e.g. cats stand
hair on end.
• The feeling of an emotion - the generation of a neurological image
representing the state of emotion. This distinguishes the physicality of the
emotion, from its internal representation - again usually unconscious.
• The sense of self feeling that emotion – the conscious feeling of an emotion
requires an additional step: the sense of oneself as an individual that has that
feeling and that emotion.
Damasio argued the ‘sense of self’ feeling the emotion is essential to explaining
affective human activities. It is typically absent from the emotion-focused literature of
collaborative design.
Humans are sophisticated organisms. Simple organisms change their physiological
state in response to changes in its environment in ways determined by the homeostatic
necessity to maintain themselves in a narrow window of viability. Emotions are
higher-level components of these homeostatic life regulation processes (regulating
metabolism, simple reflexes, motivation, biology of pleasure and pain etc) that
produce stereotypically suitable behaviours appropriate to survival. See Table 1.
High reason

Complex customized plans of response formulated in
conscious reason/and may be executed as behaviour

Feelings

Sensory patterns signalling pain, pleasure and emotions may become ‘images’

Emotions

Complex stereotyped patterns of response

Basic life regulation

Simple stereotyped patterns of response of metabolic
regulation, reflexes, the machinery for pain and pleasure,
drives and motivations

Table 1: Damasio’s Levels of Life Regulation (Damasio, 1999)

Emotions result from direct observation of an external object/situation or of an
internally held ‘thought’ and become ‘attached’ to memories of the ‘object’. The
expression of this attachment is open to change via learning even though the
biological basis of emotion is preset.
As physiologically different processes, Damasio differentiates:
• Proto-self - an image of the internal state of the organism – ‘a coherent
collection of neural patterns which map, moment by moment, the state of the
physical structure of the organism in its many dimensions’. It has no ability to
perceive, contains no knowledge, and language is not part of its structure. It
emerges continuously and dynamically from the complex states of the body as
a distributed ‘reference’ image of the body state.
• Core consciousness - basic sense of the existence of oneself a transient
phenomenon, using the proto-self, rebuilt moment to moment that also
‘focuses and enhances attention and working memory’; ‘favours establishment
of memories’; ‘is indispensable for the normal operations of language’, and
‘enlarges the scope of the intelligent manipulations we call planning, problemsolving and creativity’. It contrasts with extended consciousness and does not
depend on working memory, remembering or recalling an image, learning, nor
does it depend at all on language.
• Extended autobiographical consciousness - the memories of a particular
person, with a particular history and memories, existing and doing things.
In terms of collaborative design, Damasio is explicit that core consciousness ‘is not
equal to manipulating an image intelligently in processes of planning, problemsolving or creativity.’
The perception of an object (external or thought) results in ‘a collection of minor
adjustments [to the body] required to continue gathering signals about the object as
well as emotional responses to aspects of the object’. Observing an object, or thinking
about it, results in changes to the proto-self. In these processes, there is no difference
whether the ‘object’ is a human, a physical artefact, or an abstract conceptualisation.
Core consciousness depends on interaction between body and object in which the
body’s states are mapped onto the brain as first order neural images as the proto-self.
The images relating to the object cause changes to the images relating to the
organism. These changes are re-represented in a second order map of the relationship
between object and body. These second order maps become mental images in same
way as first order maps. The body-related nature of organism maps (proto-self) and
2nd order maps means that the mental images are feelings.

Neuro-physiological models and Collaborative Design
theories
Collaboratory design processes take many forms as different parties indicate their
understanding of design problems, and negotiate and make judgements about
potential solutions. To recap, these interactions with self and others results in each a
sense of self feeling physiological emotions resulting from perception of ‘objects’
(physical, living, and imagined).

Learning, social knowledge construction, empathy, conditioning and group
dynamics
Moment by moment representations of core consciousness in the proto-self are facts
and as such can be themselves committed to memory as ‘objects’, classified and
related to other memories of past and potential futures. These processes of converting
core consciousness to memories give rise to a sense of autobiographical self and are
strongly dependent on the focusing and emphasizing aspects of the proto-self
mechanisms. This relationship is reflexive but not symmetrical. Bringing to mind
items from long term or working memories results in further core consciousness
processes that in turn result in further focusing and emphasizing. This is the
physiological basis of the human ability to identify objects (real, social, conceptual,
imagined etc), to attribute meaning to them, and to associate them with emotions and
behaviours. Together the above processes contribute to casual explanations of human
processes such as learning, social knowledge construction, empathy conditioning and
group dynamic effects.

Allegory, metaphor, learning, negotiation and fixation
The physiology of feelings and emotions points to a model for the way allegory,
metaphor, learning, negotiation and fixation operate in collaborative design.
Damasio’s analyses suggest collaborative design depends heavily on processes of
consciousness and feeling that connect emotion responses from experiencing objects
to our homeostatic regulation systems of reward and punishment, pain and pleasure,
approach and withdrawal etc. The implications for design collaboration come about
because collaboration requires communication between constituents and these
communications themselves are objects processed by the same mechanisms and
physiological substrates as other objects.
Damasio identified an asymmetric two-layer reflexive process between thoughts and
the physiological basis of feelings. Perception of a cognitive or physical object results
in a set of ‘feelings’ and perception of these feelings results in secondary
physiological and cognitive responses. Each in turn has associated secondary cued
thought responses. This intermediation by physiological states offers and explanation
of the transitional processes by which allegories and metaphors between collaborators
operate.
The complex secondary response is strongly dependent on an individual’s prior
experiences – both recently and distantly remembered – because of the ways
memories can influence expression of emotion via a range of brain substrates. Hence,
they shape feeling and cued cognition. By this mechanism, individual thought and
feeling responses to an issue are influenced by factors not directly related to the issue,
but which trigger feeling and thought responses in nearby ranges.

Optimisation, judgement and decision-making via closure processes
Closure processes by which humans consciously or unconsciously start or stop an
internal or external process result from the dynamic between conscious and
subconscious thoughts and physiological states (Bastick, 1982; Damasio, 1994; Love,
2001, 2000b; Rosen, 1980). Typically, multiple incommensurate inputs are processed
and result in single output. For each design collaborator, their conscious and
unconscious thoughts about aspects of a design problems and potential solutions,
together with cognitive representations of prior experience and knowledge result in
overlaid complexes of physiological states with dynamic and subtle physiological

changes resulting in increased or reduced relaxation (Bastick, 2003). These changes in
the overall levels of tension act as guidance about which cognitive directions and
judgments are likely to be more successful: the basis for design judgement
optimization and decision-making. This approach contrasts with literature that
problematically focuses on the characteristics of the design problem and solution.
Without a satisfactory physiological model, researchers have been reduced to
attempting to represent these activities in terms of properties of objects: as
epistemological and practically problematic is trying to infer the program code of a
word processor from documents edited using it.

Power
Power impacts on collaborative designing (see, for example, Hall, 1999; Potapchuk,
1999; Rhoads & Shogren, 1991); results in physiological responses; cues associated
thoughts; and hence influences the way that individual collaborators view the design
problem, conceive solutions, and how they value and judge solution elements,
processes and other participants. Power imbued situations modify the cuing of
thoughts as a result of memories that there are otherwise irrelevant to the design in
hand, and may result in some individuals closing on inappropriate or sub-optimal
solutions.

Creativity and physiological states
Neurological research by Damasio (1994) showed cognitive styles associated with
creativity were affected by physiological states. Pleasant relaxed physiological states
are associated with potential for fast, idea rich cognition. In contrast, stressful or
painful feeling states are associated with slow and repetitive cognition. The
implications for collaborative design are that stressed and unhappy collaborators are
not likely to produce their most creative work, and over-relaxed collaborators are
unlikely to be efficient at repetitive checking processes.

Modelling Design Activity
A research method developed by Damasio for modelling metrics of core
consciousness uses an ongoing behavioural music-like ‘score’ comprising parallel
‘performances’ in the dimensions of verbal report, specific actions, specific emotions,
focused attention, low-level attention, background emotion and wakefulness.
Reworked, this approach suggests potential improvements to the protocol methods
that have been recently fashionable in developing correlation-based models of design
activity (Cross, 2000; Galle & Kovács, 1996; Gero & Tang, 2001).

Computerisation
The roles of physiological processes imply they should be a primary consideration in
the development of computer-based support for collaborative design teams.
They are also offer a conceptual basis for a more sophisticated working model for
computational models of creativity based on integrated optimization processes that
are error checked against complex criteria (Davis, 2001, 2000; Love, 2000b).

Understanding ‘style’
Perception of ‘style objects’ affects individuals’ cognition, feelings and physiological
states (emotions). Damasio's (1999; 1994) work indicates this is a multilevel reflexive
process in which a single stimuli result in multiple overlays of emotion states

depending on a range of factors including: current thoughts, cultural background,
moods, stress and tension, social interactions and other external and internal factors.

Summary and Future Directions
The paper has sketched out some implications of a physiological basis for theories
about collaborative designing, particularly for making more transparent the
underlying human processes, and for avoiding inappropriately reinterpreting human
design activities in terms of properties of: design problems, solutions and the
relationships between them.
This paper outlines ways causal physiological research reaches deep into the
foundations of theories about collaborative design. The causal importance of human
physiological processes suggests theoretical models of collaborative design that
neglect them are incomplete and indicates a review the foundations of collaborative
design theory relating to emotion, feelings, reason, cognition, agency, perception,
human interaction, interaction with objects, consciousness, identity and values.
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